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3. DESCRIPTION OF THE AFFECTED ENVIRONMENT  

 

The affected environment at Poker Flat Research Range (PFRR) is described for the following 

resource areas: air quality and climate; water resources; geology and soils; noise; visual 

resources; ecological resources; land use and recreation; cultural resources; subsistence use 

resources; transportation; hazardous materials and waste; health and safety; and socioeconomics 

and environmental justice.  For simplicity and consistency with PFRR launch seasons, the 

affected environment is divided into two seasons for some resources areas: summer and winter.  

For this analysis, summer is defined as May through September and winter, as October through 

April.  In addition, for some resource areas, the affected environment description is based on 

ecoregions.  The following ecoregions are located within the PFRR launch site, launch corridor, 

and are discussed in this Environmental Impact Statement for the Sounding Rockets Program at 

Poker Flat Research Range (PFRR EIS): Beaufort Sea Ecoregion, Arctic Coastal Plain 

Ecoregion, Arctic Foothills Ecoregion, Brooks Range Ecoregion, Interior Forested Lowlands and 

Uplands Ecoregion, Interior Highlands Ecoregion, and Yukon Flats Ecoregion (Gallant et 

al. 1995).  For the purposes of discussion, PFRR is divided into two components: the launch site 

and launch corridor. 

3.1 AIR QUALITY AND CLIMATE  

3.1.1 Air Quality  

Air pollution refers to the direct or indirect introduction of any substance into the air that could 

endanger human health; harm living resources, ecosystems, or material property (e.g., buildings); 

or impair or interfere with the comfortable enjoyment of life or other legitimate uses of the 

environment.  Air quality is affected by air pollutant emission characteristics, meteorology, and 

topography.  

The U.S. Environmental Protection Agency (EPA) has set National Ambient Air Quality 

Standards (NAAQS) for six criteria pollutants, as shown in Table 3ï1.  The State of Alaska has 

adopted the standards, as indicated in the table.   

The region of influence (ROI) for air quality is defined as the area within the PFRR launch site 

and launch corridor, both of which are within the Northern Alaska Intrastate Air Quality Control 

Region Number 9.  None of these areas are designated as nonattainment areas with respect to the 

NAAQS for criteria air pollutants (40 CFR 81.302).  The nearest nonattainment area is a part of 

Fairbanks North Star Borough, which has been designated nonattainment for particulate matter 

with an aerodynamic diameter less than or equal to 2.5 micrometers (PM2.5). 

In Chapter 3, descriptions of the area within the Poker Flat Research Range (PFRR) provide 
the context for understanding the environmental consequences of the alternatives described in 
Chapter 4.  The affected environment serves as a baseline from which any environmental 
changes that may be brought about by implementing the proposed alternatives can be 
identified and evaluated; the baseline conditions are the currently existing conditions.   
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Table 3ï1.  Federal and State Ambient Air Quality Standards  

Pollutant 

Averaging 

Period 

NAAQSa 

Alaska Ambient 

Air Quality 

Standards 

(micrograms per cubic meter) 

Carbon monoxide 8 hours 

1 hour 

10,000 

40,000 

10,000 

40,000 

Lead Quarterly 

3 months 

N/A 

0.15 

1.5 

N/Ab 

Nitrogen dioxide Annual 

1 hour 

100 

188 

100 

N/Ab 

Ozone 8 hours 

1 hour 

147 

N/A 
N/Ab 

235 

PM10 Annual 

24 hours 

c 
150 

50 

150 

PM2.5 Annual 

24 hours 

15 

35 

b 

b 

Sulfur dioxide Annual 

24 hours 

3 hours 

1 hour 

80 

365 

1,300 

197 

80 

365 

1300 

N/Ab 

a. The more stringent of the primary and secondary standards is presented if both exist for the averaging 
period.  The standards for carbon monoxide and the 24- and 3-hour standards for sulfur dioxide are not to 
be exceeded more than once per year.  The annual arithmetic mean PM2.5 standard is attained when the 
weighted annual arithmetic mean concentration (3-year average) does not exceed the standard value.  The 
24-hour PM2.5 standard is met when the 98th percentile over 3 years of 24-hour average concentrations is 
less than or equal to the standard value.  The 24-hour PM10 standard is met when the standard value is not 
exceeded more than once per year over a 3-year period.  The annual arithmetic mean PM10 standard is 
attained when the weighted annual arithmetic mean concentration (3-year average) is less than or equal to 
the standard value.  The Federal 1-hour nitrogen dioxide standard is met when the 3-year average 98th 
percentile of the daily maximum 1-hour average does not exceed the standard value.  The Federal 1-hour 
sulfur dioxide standard is met when the 3-year average 99th percentile of the daily maximum 1-hour 
average does not exceed the standard value.  The Federal 3-month lead standard is met when the 
maximum 3-month mean for a 3-year period does not exceed the standard value. 

b. The State of Alaska has not yet adopted the Federal standard. 

c. The U.S. Environmental Protection Agency revoked the annual PM10 standard. 

Key: N/A=not applicable; PMn=particulate matter with an aerodynamic diameter less than or equal to 
n micrometers. 

Source: 18 AAC 50.010; 40 CFR 50; 71 FR 61144. 

Routine monitoring of air pollutants is not conducted at PFRR.  Monitoring of carbon monoxide 

and PM2.5 is performed at monitors in Fairbanks North Star Borough.  Monitored values for 

carbon monoxide are well below the ambient standards (USEPA 2011a).  Elevated 

concentrations of PM2.5 have occurred in Fairbanks during the winter partially because of wood-

fired devices and during summer because of wildfires.  The state does not routinely monitor for 

other criteria pollutants nearby. 
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A summary of emissions of criteria pollutant emissions for Fairbanks North Star Borough is 

presented in Table 3ï2.  The primary sources of air pollutants in Fairbanks North Star Borough 

are power plants, refining, and airports (USEPA 2011b).  Other sources include traffic (snow 

machines, automobiles, aircraft, motorboats, and other vehicles) and fires. 

Table 3ï2.  Fairbanks North Star Borough 
Criteria Pollutant  Emissions, 2008 

Pollutant Metric Tons Per Year 

Carbon monoxide 19,800 

Lead 0.287 

Nitrogen oxides 4,040 

PM10 14,700 

PM2.5 1,870 

Sulfur dioxide 2,090 

VOCsa 3,480 

a. VOCs (volatile organic compounds) are a precursor of ozone. 

Note: To convert metric tons to tons, multiply by 1.1023. 

Key: PMn=particulate matter with an aerodynamic diameter less than or equal 
to n micrometers.  

Source: USEPA 2011c. 

Activities at PFRR produce criteria air pollutants and other air pollutants in various quantities.  

Launch vehicles emit lead, carbon monoxide, particulate matter, and other pollutants into the 

lower atmosphere (NASA 2000a).  Emissions from various launch vehicles used in the National 

Aeronautics and Space Administration (NASA) Sounding Rockets Program (SRP) into the lower 

atmosphere and the upper atmosphere are presented in the Supplemental Environmental Impact 

Statement for Sounding Rocket Program (SRP SEIS) (NASA 2000a), and emissions from launch 

vehicles used at PFRR are presented in Chapter 4.  Some payloads of previous launches at PFRR 

have released TMA [trimethylaluminium] (a mixture of trimethyl aluminum and triethyl 

aluminum), barium, and calcium (NASA 2000a).  Other than launch vehicles, sources of air 

pollutants at PFRR include generators, heating systems, delivery vehicles, and employee vehicles 

(NASA 2011a).  Search and recovery work also results in air pollutant emissions from aircraft 

operations and use of various vehicles.  Estimated PFRR emissions are presented in Table 3ï3.  

The table includes estimated carbon dioxide emissions resulting from production of electricity 

used for PFRR operations. 
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Table 3ï3.  Poker Flat Research Range Annual Emissions 

Pollutant Heating 
Internal  

Combustion Electric Generationa 

 Metric Tons Per Year 

Carbon monoxide 0.022 15 NR 

Nitrogen oxides 0.11 2.9 3.9 

PM10 0.0048 0.2 NR 

PM2.5 0.0037 0.2 NR 

Sulfur dioxide 0.00094 0.02 1.9 

Carbon dioxide 96 130 1,900 

a. Indirect emissions from offsite electric generation were based on the air pollutant 
emission rate for the Alaska grid and average annual electric use at Poker Flat 
Research Range for the period from 2008ï2010. 

Note: To convert metric tons to tons, multiply by 1.1023. 

Key: NR=Emission rates for particulate matter and carbon monoxide are not reported in 
eGRIDweb; PMn=particulate matter with an aerodynamic diameter less than or equal to 
n micrometers. 

Source: NASA 2011a. 

3.1.2 Climate 

The climate within PFRR, shown in Figure 3ï1, varies significantly from the south to the north 

and is dependent upon latitude, elevation, terrain, and proximity to the Beaufort Sea.  The ROI 

can be divided into three different climate regimes: (1) the southern regime, which includes the 

PFRR launch site, White Mountains NRA, and Yukon Flats National Wildlife Refuge (NWR); 

(2) the central regime, which includes the southern half of Arctic NWR, including Brooks Range 

and most of the Mollie Beattie Wilderness Area; and (3) the northern regime, which includes the 

northern half of Arctic NWR, including the Beaufort Sea Coastal Plain and the Brooks Range 

Foothills, and the northeast corner of the Mollie Beattie Wilderness Area.  Table 3ï4 includes 

the monthly average temperatures and annual precipitation, including snowfall and snow depth, 

of representative areas in or near these climate regimes.  Table 3ï5 includes monthly average 

snow depths for these stations as well. 

3.1.2.1 Southern Poker Flat Research Range Launch Corridor Climate Regime 

The climate in this region is similar to that of Fairbanks, Alaska, and is classified as ñcontinental 

subarctic,ò characterized by great seasonal extremes of temperature and daylight 

(USFWS 2011c).  In Fairbanks, from mid-May through the end of July, a period of 72 days, the 

sun is above the horizon from 18 to 22 hours each day, and the entire region never gets darker 

than civil twilight.  Further north at Fort Yukon, the sun stays above the horizon for 

31 consecutive days in June and July and the period of twilight lasts 86 days.  In contrast, from 

late November through January, the period of daylight, including twilight, averages less than 

5 hours per day (Edwards 2011). 
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Note: To convert kilometers to miles, multiply by 0.6214. 

Source: SAIC 2011. 

Figure 3ï1.  Meteorological Stations Located in or Near the  
Poker Flat Research Range Launch Corridor  
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Table 3ï4.  Monthly Average Temperature, Precipitation, and Station Information at Meteorological Stations Located 

in or Near the Poker Flat Research Range Launch Corridor 

 

Barter  

Island Kuparuk  

Toolik  

Lake 

Atigun 

Pass 

Arctic  

Village 

Old 

Crow Bettles 

Fort  

Yukon Fairbanks 

Lake 

Chandalar 

Temperature (Celsius) 

January ï26 ï26 ï23 ï21 ï31 ï31 ï23 ï28 ï22 ï26 

February ï29 ï27 ï21 ï18 ï28 ï28 ï21 ï26 ï19 ï24 

March ï27 ï25 ï21 ï19 ï19 ï22 ï15 ï17 ï11 ï19 

April  ï18 ï16 ï13 ï11 ï10 ï11 ï5 ï6 0 ï9 

May ï6 ï5 ï1 ï1 3 3 7 7 10 3 

June 1 5 9 5 12 12 15 15 16 12 

July 4 9 12 7 14 14 15 17 17 13 

August 4 7 8 3 9 11 11 13 13 9 

September 0 2 0 ï3 0 3 5 5 7 2 

October ï9 ï9 ï12 ï12 ï12 ï9 ï7 ï7 ï4 ï10 

November ï18 ï19 ï19 ï17 ï24 ï23 ï18 ï21 ï16 ï21 

December ï24 ï23 ï22 ï18 ï24 ï27 ï21 ï27 ï20 ï23 

Annual 

Average 

ï12 ï10 ï4 ï9 ï9 ï9 ï5 ï6 ï2 ï8 

Annual Precipitation (centimeters) 

Totala 15 10 ï 61 23 28 38 18 27 21 

Snowfall 107 84 ï ï 124 130 230 107 170 120 

Station Information  

Station Elevation 

(meters) 

9 20 720 1,400 640 250 200 130 130 580 

Period 1949ï1988 1980ï2010 1989ï2007 1992ï2009 1962ï1996 1971ï2000 1980ï2010 1938ï1990 1981ï2010 1981ï2010 

a. Total precipitation per year is sum of rain and snow water equivalent. 

Note: To convert centimeters to inches, multiply by 0.3937; meters to feet, by 3.2808; Celsius to Fahrenheit, use the formula (5/9) × (T Fahrenheit) ï 32. 

Key: ï=missing data. 

Source: Environment Canada 2011; NCDC 2011a; USFWS 2011c. 
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Table 3ï5.  Monthly Average Snow Depth for Meteorological Stations Located  
in or Near the Poker Flat Research Range Launch Corridor 

 

Barter  

Island Kuparuk  

Toolik  

Lake 

Atigun 

Pass 

Arctic  

Village 

Old 

Crow Bettles 

Fort  

Yukon Fairbanks 

Lake 

Chandalar 

Average Snow Depth (centimeters) 

January 31 20 ï 18 43 48 64 48 43 48 

February 36 20 ï 18 43 56 74 56 53 58 

March 36 23 ï 20 53 59 79 58 51 56 

April  38 23 ï 10 53 55 66 41 25 56 

May 25 13 ï 3 15 17 10 5 0 18 

June 3 0 ï 0 0 0 0 0 0 0 

July 0 0 ï 0 0 0 0 0 0 0 

August 0 0 ï 0 0 0 0 0 0 0 

September 3 0 ï 0 3 5 0 0 0 0 

October 13 8 ï 10 10 13 10 5 5 10 

November 20 15 ï 13 23 26 31 23 20 25 

December 25 18 ï 13 33 36 51 36 33 36 

Station Information  

Station Elevation 

(meters) 

9 20 720 1,400 640 250 190 130 130 580 

Period 1949ï1988 1983ï2010 1989ï2007 1970ï1980 1962ï1996 1971ï2000 1951ï2010 1938ï1990 1949ï2010 1968ï2010 

a. Snow depth from Galbraith Lake Camp, located 13 kilometers (8 miles) northeast of Atigun Pass. 

b. Snow depth estimated from monthly average snowfall and average temperatures. 

Note: To convert centimeters to inches, multiply by 0.3937; meters to feet, by 3.2808. 

Key: ï=missing data. 

Source: WRCC 2011. 
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During summer, daily average maximum temperatures reach the lower 20s in degrees 

Celsius (°C) (70 degrees Fahrenheit [°F]).  Temperatures of 27 °C (80 °F) or higher occur on 

about 10 days each summer, and temperatures in the mid-30s °C (90 °F) have been recorded at 

Fairbanks on several occasions (NCDC 2011a).  Fort Yukon holds the state record high 

temperature of 38 °C (100 °F) (USFWS 2008a).  Average temperatures for July range from 

17 °C (62 °F) in Fairbanks to 13 °C (55 °F) further north at Lake Chandalar (NCDC 2011a).  

Precipitation averages around 27 centimeters (11 inches) for the year, with the majority of the 

precipitation falling in the summer months.  With the exception of the highest elevations on the 

northern end of the region, winter snows have melted by the end of April, and river ice breakups 

occur in May (NCDC 2011b).  However, due to the combination of snowmelt and partial 

melting of the permafrost, the soils remain very wet throughout the summer. 

Average temperatures across the entire region in winter are below ï17 °C (0 °F), and 

temperatures of ï40 °C (ï40 °F) or colder are common.  Fort Yukon has recorded a temperature 

as low as ï59 °C (ï75 °F).  Average temperatures in January range from ï22 °C (ï9 °F) at 

Fairbanks to ï28 °C (ï19 °F) at Fort Yukon.  Snow covers the ground from early October 

through April, with the maximum average monthly snow depth occurring in March, ranging 

from 53 centimeters (21 inches) in Fairbanks to near 80 centimeters (31 inches) in Bettles.  

However, winds are light most of the winter and blizzard conditions are rarely seen 

(NCDC 2011b). 

3.1.2.2 Central Poker Flat Research Range Launch Corridor Climate Regime 

The climate in this region is also classified as ñcontinental subarctic,ò but with colder 

temperatures in both the winter and the summer as compared to the climate in the southern 

launch corridor.  Summer daylight is longer, with approximately 53 days of continuous sunlight 

and twilight lasting 97 days.  The winter is darker than the southern PFRR launch corridor 

climate regime, with the sun below the horizon for 27 days in December and January and 

twilight reduced to approximately 4 hours per day during this time (Edwards 2011).   

Summer temperatures can vary greatly between the higher elevations in Brooks Range and the 

valley floors.  Average temperatures in July are only about 7 °C (44 °F) at Atigun Pass (elevation 

1,400 meters [4,600 feet]), but climb to 14 °C (58 °F) at Arctic Village (elevation 640 meters 

[2,100 feet]) (USFWS 2011c).  With the colder temperatures and more mountainous terrain, 

winter snows are deeper and may not completely melt in the highest elevations in the summer.  

In the valleys and foothills, the snow generally melts by mid-May, and river ice breakup occurs 

in late May or early June.  The climate is dry, with average annual precipitation ranging from 

around 25 centimeters (10 inches) in the lower elevations to as high as 66 centimeters (26 inches) 

in the mountainous regions, with the majority of the precipitation falling in the summer months 

as rain.  However, steeper slopes and warmer temperatures in Brooks Range provide enhanced 

drainage for soils and drier habitats during the summer.  However, the snowmelt over the 

continuous permafrost in this climate region results in wetland-type conditions in the valley 

regions from June through September (USFWS 2011c). 

Winter temperatures can be bitterly cold throughout the region, but particularly in the lower 

elevations, where clear skies and light winds allow temperatures to plummet.  Average 

temperatures in January range from ï21 °C (ï5 °F) in the mountainous regions (Atigun Pass) 
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to ï31 °C (ï24 °F) near Old Crow just on the Canadian side of Brooks Range.  Maximum 

monthly average snow depth is from 53ï59 centimeters (21ï24 inches) and occurs in March 

around Old Crow and Arctic Village (WRCC 2011).  However, much higher snow depths occur 

in the higher elevations of Brooks Range.  Overall, the climate is dry, with average annual 

precipitation ranging from around 25 centimeters (10 inches) in the lower elevations to as high as 

66 centimeters (26 inches) in the mountainous regions, with the majority of the precipitation 

falling in the summer months as rain. 

3.1.2.3 Northern Poker Flat Research Range Launch Corridor Climate Regime 

The climate in this region is classified as ñArcticò and is characterized by short, cool summers 

and long, cold winters with subfreezing temperatures and snow possible year round 

(USFWS 2011c).  The close proximity of this region to the Bering Sea results in a climate that is 

tempered somewhat and is not subject to the extreme temperature variations found in the 

southern and central launch corridor regions.  Summer daylight is long, with approximately 

72 days of continuous sunlight and twilight lasting 110 days.  The winter is dark, with the sun 

below the horizon for 27 days in December and January and twilight reduced to approximately 

4 hours per day during this time (Edwards 2011). 

Summer temperatures are significantly impacted by the Bering Sea.  Average temperatures in 

July are around 4 °C (40 °F) along the coast, warming to around 12 °C (53 °F) inland near 

Toolik Lake (USFWS 2011c).  With the exception of north-facing slopes of the Brooks Range 

Foothills, the winter snow cover melts away by early June.  The climate is very dry, with only 

about 15 centimeters (6 inches) of precipitation falling annually, most of which falls in the 

summer as rain.  Evaporation rates are low due to low temperatures throughout the year, and the 

land is underlain by continuously frozen soil.  As a result, soils are usually saturated during the 

summer in the coastal plain (USFWS 2011c). 

Temperatures in winter are the coldest in February along the north coast, with averages around  

ï29 °C (ï20 °F), but are warmer at the higher elevations (Toolik Lake), averaging ï23 °C  

(ï10 °F) in January.  The region is under snow cover from mid-September through May.  The 

maximum monthly average snow depth is 38 centimeters (15 inches) in April at Barter Island 

(WRCC 2011). 

Surface winds along the coast generally average 15 to 24 kilometers (9 to 15 miles) per hour 

from the northeast, with occasional intense storms generating winds exceeding 113 kilometers 

(70 miles) per hour (USFWS 2011c). 

3.1.2.4 Global Climate  

Carbon dioxide and other gases in the atmosphere act like glass in a greenhouse, letting the sunôs 

rays through, but trapping some of the heat that would otherwise be radiated back into space 

(NASA 2000a).  This greenhouse effect and the Earthôs radiation balance are affected largely by 

water vapor; carbon dioxide; and other trace gases, including nitrous oxide, halocarbons, and 

methane.  Increases in atmospheric concentrations of these pollutants are believed to influence 

the Earthôs global climate (IPCC 2007).  The Arctic is especially vulnerable to global climate 

change and increased ultraviolet radiation.  The primary impacts are expected physical and 
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biological changes.  Changes that have been observed and changes that are expected are 

discussed in Chapters 6 through 9 of the Arctic Climate Impact Assessment (ACIA  2004).  

Annual average temperatures have increased more rapidly in the Arctic than in other parts of the 

world.  Warming of the Arctic climate has resulted in earlier spring snowmelt, reduced sea ice, 

widespread glacier retreat, insect outbreaks, permafrost warming, and changes in Arctic 

vegetation (NOAA 2006a; USFWS 2011c).   

From 2000 through 2005, worldwide use of fossil fuels was estimated to emit about 26.4 billion 

metric tons (29.1 billion tons) per year of carbon dioxide into the atmosphere (IPCC 2007).  

Estimated U.S. carbon dioxide emissions in 2006 were 5.98 billion metric tons (6.59 billion tons) 

(USEPA 2008).  Annual carbon dioxide emissions and carbon dioxide equivalent emissions of 

other greenhouse gases related to activities at PFRR are estimated to be 2,100 metric tons 

(2,400 tons) per year.   

3.2 ECOREGIONS 

The ecoregion classification system, developed by Gallant et al. (1995), was used as a spatial 

framework to organize, inventory, and characterize the ROI.  This delineation of Alaska 

ecoregions was based on a qualitative assessment and synthesis of the distribution patterns and 

relative importance of landscape geography, geology, hydrology, soils, climate, and vegetation 

data.  The system provides a unified approach for conducting natural resource and ecological risk 

assessments and environmental research, management, and monitoring.  The ecoregions located 

within the PFRR launch corridor flight zones are listed in Table 3ï6 and are shown in  

Figure 3ï2.   

3.2.1 Beaufort Sea Ecoregion 

The Beaufort Sea Ecoregion is the part of the Arctic Ocean that skirts the northernmost Arctic 

Coastal Plain Ecoregion and portions of the Arctic Foothills Ecoregion coastlines.  

Approximately 3 percent (330,000 hectares [820,000 acres]) of PFRR is within the Beaufort Sea 

Ecoregion (see Table 3ï6 and Figure 3ï2).  

3.2.2 Arctic Coastal Plain Ecoregion 

The Arctic Coastal Plain Ecoregion is a treeless, gently sloping plain and tundra gradually rising 

from the Beaufort Sea to the rolling plateaus and uplands of the Arctic Foothills Ecoregion and 

mountains of the Brooks Range Ecoregion.  Approximately 2 percent (171,000 hectares 

[420,000 acres]) of PFRR is within the Arctic Coastal Plain Ecoregion (see Table 3ï6 and 

Figure 3ï2).  Slope gradients are typically less than 2 percent (Gallant et al. 1995).   
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Table 3ï6.  Poker Flat Research Range Flight Zones and Associated Ecoregionsa 

PFRR Flight  

Zones 

Ecoregion Area (Ecoregion ID Number) (hectares) 

Beaufort 

Sea  Total 

Arctic Coastal 

Plain  

(101) 

Arctic  

Foothills 

(102) 

Brooks Range 

(103) 

Interior 

Forested  

Lowlands and 

Uplands  

(104) 

Interior 

Highlands 

(105) 

Yukon Flats 

(107) 

Ogilvie 

Mountains 

(108)b 

1 South 0 0 0 5,200 460,000 0 0 0 460,000 

1 North 0 0 0 61,000 350,000 420,000 0 0 830,000 

2 0 9,000 770,000 370,000 410,000 130,000 0 0 1,700,000 

3 0 14,000 1,600,000 290,000 430,000 300,000 0 0 2,600,000 

4 0 0 340,000 250,000 610,000 650,000 0 0 1,900,000 

4 Extended 0 0 930,000 0 26,000 0 0 0 957,054 

4 Arctic 

Extension 
171,000 440,000 540,000 0 0 0 0 330,000 1,500,000 

5 0 0 0 500,000 0 900,000 18 0 1,400,000 

Total 171,000 470,000 4,200,000 1,500,000 2,300,000 2,400,000 18 330,000  

Grand Total 11,300,000 

a. Poker Flat Research Range flight zones and associated ecoregions are shown in Figure 3ï3. 

b. Due to the small amount of the Ogilvie Mountains Ecoregion within the region of influence, the Ogilvie Mountains Ecoregion is not discussed further in this PFRR EIS. 

Note: To convert hectares to acres, multiply by 2.4710.  Totals may not add up exactly due to rounding. 

Source: Gallant et al. 1995. 
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Note: To convert kilometers to miles, multiply by 0.6214. 

Source: SAIC 2011. 

Figure 3ï2.  Poker Flat Research Range Ecoregions 
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3.2.3 Arctic Foothills Ecoregion 

The Arctic Foothills Ecoregion is an area of broad, rounded ridges and plateau uplands (northern 

portion) and irregular buttes, mesas, ridges, and undulating tundra (southern portion) between the 

Arctic Coastal Plain Ecoregion and Brooks Range Ecoregion.  East of the Kongakut River, the 

Arctic Foothills Ecoregion extends to the Beaufort Sea coast (see Figure 3ï2).  Approximately 

4 percent (470,000 hectares [1.2 million acres]) of PFRR is within the Arctic Foothills Ecoregion 

(see Table 3ï6 and Figure 3ï2).  This is described as a predominantly treeless region of 

moderately steep to steep hills and broad, sloping valleys and tundra (USFWS 2011c).   

3.2.4 Brooks Range Ecoregion 

The Brooks Range Ecoregion, as the northernmost mountain group in Alaska, forms the drainage 

divide between the Arctic Slope to the north and the Kobuk and Yukon Rivers to the south.  

Mountains within the PFRR portion of the ecosystem include Phillip Smith, Franklin, Davidson, 

Sadlerochit, Shublik, and Romanzof Mountains (Molnia  2008).  Approximately 37 percent 

(4.2 million hectares [10 million acres]) of PFRR is within the Brooks Range Ecoregion 

(see Table 3ï6 and Figure 3ï2).  The deeply dissected mountains have wide, flat-floored, steep-

sided glacial alpine valleys (USFWS 2011c).  Mountain slopes are covered with exposed 

bedrock and rock debris and generally range from 10 to greater than 30 percent gradients.  

Elevations range from 500 meters (1,600 feet) in alpine valley floors to 2,400 meters (7,900 feet) 

at the higher mountain peaks.   

3.2.5 Interior Forested Lowlands and Uplands Ecoregion 

The Interior Forested Lowlands and Uplands Ecoregion is characterized by undulating lowlands, 

peat plateaus, and rolling hill uplands with slope gradients generally ranging from 0 to 10 percent 

(Brabets et al. 2000).  Approximately 13 percent (1.5 million hectares [3.6 million acres]) of 

PFRR is within the Interior Forested Lowlands and Uplands Ecoregion (see Table 3ï6 and 

Figure 3ï2).  Elevations range from sea level to 700 meters (2,300 feet) for some of the higher 

hills. 

3.2.6 Interior Highlands Ecoregion 

The Interior Highlands Ecoregion is located between the Interior Forested Lowlands and 

Uplands Ecoregion and the Brooks Range Ecoregion.  The Interior Highlands Ecoregion 

contains steep and rounded ridges, valleys, and low mountains with glaciated peaks that rise 

from approximately 1,500 meters (4,900 feet) to over 1,800 meters (5,900 feet) (Gallant et 

al. 1995).  Approximately 20 percent (2.3 million hectares [5.7 million acres]) of PFRR is within 

the Interior Highlands Ecoregion (see Table 3ï6 and Figure 3ï2).  Slope gradients generally 

range from about 10 to greater than 30 percent (Gallant et al. 1995).   

3.2.7 Yukon Flats Ecoregion 

The Yukon Flats Ecoregion is a relatively flat, marshy river basin characterized by numerous 

lakes, shallow ponds, sloughs, drainage basins, river meander scars, islands, river outwash fans, 

and braided stream floodplains surrounded by gently to strongly rolling terrain.  Elevations range 

from 90 meters (300 feet) to greater than 250 meters (820 feet), and slope gradients are generally 
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less than 2 percent.  The Yukon Flats Ecoregion was not glaciated during the Pleistocene epoch 

(Gallant et al. 1995).  Approximately 21 percent (2.4 million hectares [5.9 million acres]) of 

PFRR is within the Yukon Flats Ecoregion (see Table 3ï6 and Figure 3ï2). 

3.3 WATER RESOURCES 

Surface waters typically include rivers, streams, bays, springs, lakes and ponds, and other 

wetlands.  Groundwater includes the subsurface geohydrologic resources generally described as 

water tables and aquifers.  The ROI for water resources is defined as the area within the PFRR 

launch site and launch corridor.  Section 3.3.4 provides a description of the water resources 

within the ROI based on the ecoregions discussed in Section 3.2. 

3.3.1 Wetlands, Floodplains and Coastal Zone 

Wetlands are areas of transition between terrestrial and aquatic systems where the water table is 

usually at or near the surface.  Wetlands are defined in the U.S. Army Corps of Engineers 

Wetlands Delineation Manual as ñthose areas that are inundated or saturated by surface or 

ground water at a frequency and duration sufficient to support, and that under normal 

circumstances do support, a prevalence of vegetation typically adapted for life in saturated soil 

conditionsò (USACE 1987).  Wetlands are extremely common in Alaska; there are an estimated 

71 million hectares (180 million acres) of wetlands, accounting for approximately 42 percent of 

the total surface area of the state (ADEC 2010).  In addition to permafrost areas, wetlands 

frequently occur within the riverine floodplains and can develop because of rainfall, melt water, 

beavers, and tides.  In Alaska, melt water from snow and glaciers often causes streams to 

overflow their banks during spring and summer months.  Ice jams, which may exacerbate 

flooding, are particularly common near the villages of Circle and Fort Yukon (NOAA 2006b).   

Within the PFRR launch site, much of the area in the Lower Range is designated as a palustrine 

wetland system composed primarily of scrub-shrub and forested class wetlands with saturated 

water regimes.  Most areas facing north and northwest, downslope of the Upper Range ridgeline 

are also classified as wetlands.  Details on wetlands at PFRR, including the associated 

vegetation, are given in the Environmental Assessment, Improvement and Modernization 

Program, Poker Flat Research Range, Fairbanks, Alaska (Modernization EA), published by the 

Geophysical  Institute of UAF (UAF 1993).  Wetlands identified in the Modernization EA are 

listed in Table 3ï7.   

The Chatanika River originates north and east of the ROI and flows westward into the Tolovana 

River, which flows into the Tanana River.  The main flood seasons are spring and summer.  

Spring floods are the result of an above-normal winter snowfall, coupled with a cold spring and a 

rapid snowmelt.  Summer flooding results from extreme rainfall in a short period of time.  The 

Lower Range of the PFRR launch site is located within the 100-year floodplain of the Chatanika 

River. 
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Table 3ï7.  Poker Flat Research Range Wetlands 

Wetland Description 

Wet Graminoid 

Herbaceous 

Vegetation is dominated by marsh five-finger, cottongrass, carex, and the 

sandbar willow. 

Needleleaf Woodland Consists predominantly of black spruce.  The understory shrub includes 

Labrador tea, mountain carndary, cloudberry, and resin birch.  The 

herbaceous stratum is predominantly clubmoss, but the lichen layer is 

prominent in open areas. 

Mixed Woodland Includes paper birch and black spruce.  The understory is dominated by 

Labrador tea, bog blueberry, lowbush cranberry, spirea, and diamond-

leaf willow.  The herbaceous stratum is predominantly feathermoss.  

Lichen is prominent in open area.  Also present are cottongrass, 

bluejoint, and horsetail. 

Needleleaf Forest Dominated by black spruce. Paper birch is also present.  The understory 

consists of Labrador tea, lowbush cranberry, bog blueberry, and spirea.  

The herbaceous matt is thick with moss and lichens. 

Closed Birch Forest Dominated by paper birch, with small components of black spruce.  The 

understory consists of Labrador tea, cranberry, and moss matt. 

Mixed Forest Dominated by quaking aspen, white spruce, and paper birch.  The 

understory consists of bluejoint, Pyrola, and rose. 

Closed Tall Scrub-Shrub Dominated by a dense canopy of green alder; however, paper birch and 

aspen are also present.  Understory consists of raspberry and bluejoint. 

Closed Broadleaf Forest Dominated by paper birch, with scattering of quaking aspen and white 

spruce.  In understory, green alder, lowbush cranberry, bog blueberry, 

fireweed, and bluejoint are common. 

Source: NASA 2000a; UAF 1993. 

The Coastal Zone Management Act (CZMA) of 1972, as amended (16 U.S.C. 1451 et seq.), 

provides for the effective, beneficial use, protection, and development of the U.S. coastal zone.  

Section 307 of the CZMA requires Federal agencies conducting activities that potentially impact 

coastal zones to be consistent, to the maximum extent practicable, with the approved coastal 

management program of the respective state within which the activity would occur. The coastal 

zone is defined as coastal waters and adjacent shore lands strongly influenced by each other and 

in proximity to the several coastal states, including islands, transitional and intertidal areas, salt 

marshes, wetlands, and beaches. The Alaska Coastal Management Program was terminated on 

July 1, 2011, per Alaska Statute 44.66.030.  Prior to its termination, NASA contacted the 

Alaska Coastal Management Program in April 2011 and was informed that a consistency 

determination would not be required for the alternatives under consideration in this EIS.  

Therefore, no additional coordination regarding coastal zone management is needed. 

3.3.2 Wild and Scenic Rivers 

The National Wild and Scenic Rivers System, established in 1968 by the Wild and Scenic Rivers 

Act (P.L. 90ï542) and administered by the National Park Service (NPS), was created to enhance 

and protect the free-flowing condition; water quality; and remarkable natural, cultural, and 



Final Environmental Impact Statement for the Sounding Rockets Program at Poker Flat Research Range 

3ï16 JULY 2013 

recreational values and to fulfill the vital conservation of designated rivers and streams 

(IWSRCC 1998).  Alaska National Interest Lands Conservation Act (ANILCA ) (P.L. 96-487) 

provides for the designation and conservation of public lands in the State of Alaska.  According 

to ANILCA, in Alaska, designated Wild River segment corridors outside Federal lands may not 

exceed an average of 259 hectares (640 acres) (0.8 kilometers [0.5 mile] from each river bank) 

per river mile.  Corridor boundaries are established based on natural and manmade features and 

existing property lines.  Within Federal lands, no new mining claims or mineral leases can be 

granted within designated Wild River segments; however, existing mining claims and leases 

within designated river corridor boundaries remain in effect.  River designation under the Wild 

and Scenic Rivers Act neither gives nor implies government control of private lands within the 

river corridor (IWSRCC 2004, 2011).  Designated Wild Rivers are to be maintained in natural, 

free-flowing, and undisturbed conditions.  River segments added to the National Wild and Scenic 

Rivers System by ANILCA located within the PFFR launch corridor are shown in red in 

Chapter 1, Figure 1ï3, and summarized below in Table 3ï8.   

Table 3ï8.  Poker Flat Research Range National Wild and Scenic River Segments 

Water Course Description 

Beaver Creek The Beaver Creek watershed is located within the Yukon-Tanana uplands of the east-

central Alaska interior.  Approximately 216 kilometers of the upper portion Beaver 

Creek has been designated as a Wild River.  The moderately swift and shallow stream 

originates at the confluence of Bear and Champion Creeks of the White Mountains 

and flows approximately 430 kilometers to its confluence with the Yukon River.  

Once within the lowlands of the Yukon Flats, it is characterized as a sluggish 

meandering stream.  Discharges from numerous springs contribute significantly to 

winter streamflow.  Designated wild portions of Beaver Creek are located in the 

White Mountains NRA (133 kilometers) and Yukon Flats NWR (32 kilometers) and 

within PFRR. 

Ivishak River The Ivishak River originates in the Philip Smith Mountains and flows northward, 

where it merges with the Sagavanirktok south of Prudhoe Bay.  Once in the Arctic 

Coastal Plain, the waterway is characterized as a low-gradient, braided stream with a 

broad floodplain.  Of the total 180 kilometers of the Ivishak River, 96 kilometers of 

designated Wild River flow through the Arctic NWR within PFRR.  The designated 

wild portion of the river basin within PFRR encompasses approximately 

80,000 hectares and 7,300 hectares outside of PFRR.   

Sheenjek River The Sheenjek River is a subbasin watershed of the Porcupine Basin and encompasses 

a drainage area of approximately 58,000 hectares.  This water course originates in 

Brooks Range and merges with the Porcupine River near Fort Yukon.  The upper 

segment of the river is within Arctic NWR and the lower segment flows through 

Yukon Flats NWR.  Approximately 270 kilometers of the river have been designated 

as wild.  The portion of the Sheenjek River that flows through Arctic NWR, including 

Mollie Beattie Wilderness Area within Arctic NWR (203 kilometers), is designated as 

wild and is located within PFRR.  No portion of the Sheenjek River that flows 

through Yukon Flats NWR is designated as wild or scenic.  This pristine low-gradient 

river meanders primarily through broad mountain valley tundra and is characterized 

by clear water, cutbanks, and gravel streambeds. 
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Table 3ï8.  Poker Flat Research Range National Wild and  
Scenic River Segments (continued) 

Water Course Description 

Wind River The Wind River originates in the Philip Smith Mountains and flows approximately 

180 kilometers.  The river basin covers approximately 79,000 hectares.  The entire 

river (180 kilometers) is designated wild and is located within Arctic NWR and 

PFRR. 

Note: To convert hectares to acres, multiply by 2.4710; kilometers to miles, multiply by 0.6214; square kilometers 
to square miles, multiply by 0.3861. 

Key: NRA=National Recreation Area; NWR=National Wildlife Refuge; PFRR=Poker Flat Research Range. 

Source: Brabets et al. 2000; Kostohrys 2005; Maurer 1997; Meyer 1995; USDOI 1983; USFWS 2011c. 

3.3.3 Water Quality  

Water quality is a measure of the physical, chemical, and/or biological characteristics of water 

compared with established standards.  Water quality is considered impaired if it fails to meet 

physical, chemical, and/or biological or regulatory standards.  The Clean Water Act of 1977, as 

amended (CWA) (33 U.S.C. 1251 et seq.), regulates pollutant discharges.  As authorized by 

CWA, the National Pollutant Discharge Elimination System (NPDES) permit program controls 

water pollution by regulating point sources that discharge pollutants into waters of the United 

States.  The NPDES permit program is administered by the State of Alaska through the Alaska 

Department of Environmental Conservation (ADEC). 

CWA requires individual states to develop programs to monitor and report on the quality of 

surface water and groundwater and prepare a report summarizing the status of its water quality.  

CWA Section 305(b) requires that the quality of all water bodies be characterized and 

Section 303(d) requires states to establish water quality standards for waterways, identify those 

that fail to meet the standards, and take action to clean up these waterways.  Water quality 

standards are composed of designated present and future most beneficial uses and numerical and 

narrative criteria applied to the specific water uses or classification.  Water bodies verified as not 

meeting one or more of their designated uses are placed on the stateôs 303(d) list, and a Total 

Maximum Daily Load (TMDL) or Recovery Plan is developed by the state to address water 

quality impairment issues (ADEC 2010).   

The state of Alaska has jurisdiction for surface water quality standards for all waters of the state, 

in accordance with CWA provisions.  The ADEC Division of Water is responsible for 

establishing water cleanliness standards, regulating discharges into water of the state, and 

monitoring and reporting on water quality.  The State of Alaska Water Quality Standards are 

documented in the Alaska Administrative Code (18 AAC 70) and in an annual report.  

Alaskaôs 305(b) and 303(d) water quality data are combined and presented as an Integrated 

Water Quality Monitoring and Assessment Report that documents the status and health of water 

bodies within the state and identifies programs for maintaining and improving water quality.  

Alaska has 28 Category 5 303(d) listed water bodies with one or more designated uses not 

attained that require a TMDL or Recovery Plan (ADEC 2010).   

The overall water quality in Alaska is generally good to excellent.  The state contains vast areas, 

such as those that comprise a major portion of PFRR, that are in pristine condition and are 
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charactereized by excellent water quality.  Yukon River water quality ranges from good to 

excellent.  Except for seasonal turbidity, the river generally has low dissolved solids, near 

saturation dissolved oxygen, and neutral to moderately basic pH (USDOI 2012a).  Turbidity is a 

suspension of dissolved substances and inorganic and organic particles in the water column that 

results in the scattering and absorption of sunlight (Henley et al. 2000).  A water resource field 

reconnaissance of the eastern North Slope in 1975 found that with few exceptions, water body 

water quality was generally very good (Childers et al. 1977).  There are limited water quality 

data available for much of the Arctic North Slope and South Slope below Brooks Range 

(USFWS 2011c).  A summary of water quality parameters for select rivers within PFRR is 

presented in Table 3ï9. 

Table 3ï9.  Poker Flat Research Range Water Quality 

River 

Water 
Temperature 

(degrees Celsius) 

pH  
(Standard 

Units) 

Dissolved 
Oxygen 

(milligrams  
per liter)  

Beaver Creek (at Big Bend) 10 7.3 11 

Birch Creek (Upper Mouth) 14 7.5 9.2 

Black River 13 7.7 9.5 

Chandalar River 10 7.9 11 

Hodzana River 11 7.7 9.8 

Porcupine River 10 7.7 10 

Yukon River (at Eagle) 13 8.1 9.6 

Alaska Department of Environmental 

Conservation Standard 

Less than 15 6.0 to 8.5 Greater than 4.0 

Note: To convert Celsius to Fahrenheit, use the formula (5/9) × (T Fahrenheit) ï 32. 

Source: USDOI 2012a. 

The Category 5 Section 303(d) listed water bodies within PFRR are contained in the Crooked 

Creek Watershed (Hydrologic Unit Code 19040402) and include Crooked, Bonanza, Deadwood, 

Ketchem, Mammoth, Mastodon, and Porcupine Creeks.  The watershed was 303(d) listed in 

1992 for nonattainment of turbidity standards (ADEC 2010).  The primary pollutant source was 

placer mining.  Monitoring in the 1990s and a water quality assessment in 1995 documented 

water quality improvements and recommended the development of a water body Recovery Plan.  

ADEC is preparing a water quality monitoring and sampling plan for 2011 and 2012 to 

determine if a TMDL is required (ADEC 2010). 

3.3.4 Ecoregions 

This section describes the water resources within the ROI based on the ecoregion descriptions 

provided in Section 3.2. 
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3.3.4.1 Beaufort Sea Ecoregion 

The approximate area of ocean inland seas (bays and lagoons) within Beaufort Sea Ecoregion of 

the ROI is 9,100 hectares (22,000 acres).  Coastal currents are driven by inflows from the Bering 

Strait, Beaufort Gyre, and intermediate water from the North Atlantic.  Tide action is relatively 

minor, with a diurnal range of 10 to 30 centimeters (4 to 12 inches) (ADNR 2006; 

USFWS 2011c).  Storm surges (storm increases in sea elevation) can reach approximately 

2.4 meters (8 feet) during severe storms (ADNR 2006).  Coastal lagoon waters begin to freeze in 

late September to early October and by April or May, the ice may be 2 meters (6 feet) or more 

thick.  Approximately 40,000 hectares (100,000 acres) of the Beaufort Sea Ecoregion marine 

coast waters and lagoons within Arctic NWR are designated as marine protected areas under the 

auspices of the National Marine Protected Area System (USFWS 2011c).   

A defining characteristic feature of the Beaufort Sea is its cover of sea ice, which seasonally 

fluctuates in extent and thickness on interannual and long-term temporal scales.  The sea ice 

cover generally includes a perennial ice zone where ice is present year-round, and a zone where 

ice is only present seasonally; much of the Arctic Ocean is considered perennial ice (Kwok and 

Sulsky 2010).  The maximum extent of Arctic sea ice cover is achieved by the end of winter, and 

the minimum extent occurs in September (Wendler et al. 2010).  For most of the year, ice covers 

the Beaufort Sea (USDOI 1978).  Typically, the breakup of coastal sea ice begins 8 weeks after 

melt processes begin (USFWS 2011c).   

Sea ice ranges from first-year, non-deformed ice to multi-year ice with thick, deformed, pressure 

ridges.  Sea ice moves in response to wind and ocean currents and deforms due to fractures and 

cracks created by brittle failure.  The mechanical movement and rearrangement of the ice 

directly affect its strength and behavior (Kwok and Sulsky 2010).  In contrast to the migrating 

ice packs of the distant Arctic Ocean, landfast ice is relatively immobile sea ice that is anchored 

to nearshore environments due to the sporadic contact of the ice with the sea floor 

(Fissel et al. 2011).  Sea ice is typically covered with snow for most of the year, except for when 

new ice forms and during the short Arctic summer.  Because of its age, multi-year ice generally 

has deeper snow cover than first-year ice.  Rougher-surfaced ice also tends to accumulate more 

snow cover (Sturm et al. 2006).   

Sea ice concentration (SIC) is the area of the ocean covered by ice (Stone 2010) and sea ice 

extent is the region of the ocean containing at least 15 percent SIC.  SIC in seasonal zones varies 

dramatically, particularly along the southern sea ice margins (Wendler et al. 2010).  Seasonal 

fluctuations in the development, migration, and decay of sea ice are generally governed by the 

movement of the polar ice pack along the coastline and activity of major rivers (USDOI 1978).  

In the Beaufort Sea, the average SIC is lowest from August through October (Stone 2010). 

The thickness of sea ice varies dramatically in temporal and spatial terms.  In addition to 

thermodynamic forcing, research suggests that variations in Arctic ice thickness are strongly 

influenced by ocean and wind dynamic mechanical forcing (Laxon et al. 2003).  The 

discontinuous motion and behavior of ice influences it thickness distribution (Kwok and 

Sulsky 2010).  For the Arctic Ocean, the maximum thickness is generally cited as approximately 

3 meters (10 feet).  Typically, non-deformed first-year ice is as much as 2 meters (7 feet) thick 

and multi-year ice is greater than 2 meters thick.  Ice that has been deformed and exhibits ridge 
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formation may be as thick as 20 to 30 meters (66 to 98 feet) (Wendler et al. 2010). Southern 

Beaufort Sea ice thickness was observed to average 2.5 meters (8.2 feet) with variability ranging 

up to 2.7 meters (8.9 feet) (Laxon et al. 2003).  The thickness of landfast ice is primarily 

dependent on air temperature and snow cover (Fissel et al. 2011).   

A study by Oikkonen and Haapala (2011) found that Arctic sea ice has generally shifted 

toward thinner ice and exhibits a prevalent loss of thick, deformed ice.  Although offshore 

regions of the Arctic pack ice are experiencing reduction in ice thickness associated with the net 

loss of old ice, shelf areas of the Southern Beaufort Sea dominated by highly deformed first-year 

ice exhibited no reductions in thickness for the years 2008 and 2009 (Fissel et al. 2011).  For the 

1960s, 1970s, and 1990s there was a 1.3-meter (4.3-foot) decrease in the average thickness of 

Beaufort Sea ice (Laxon et al. 2003).   

Arctic ice has undergone a dramatic decline over recent years, with a well-documented general 

ice thinning, retreat of summer sea ice cover, and transition to a younger ice pack.  Contributing 

factors include changes in atmospheric variables (temperature, circulation, and cloudiness), 

increased ice export and redistribution, storm events, and increased solar heating of the upper 

ocean (Perovich et al. 2011; Wendler et al. 2010).  The Northern Hemisphereôs sea ice has been 

declining at an average rate of 3 percent per decade (1978 to present) and summer declines 

appear to be accelerating.  The loss of old, multi-year ice is occurring at a higher rate of 

approximately 10 percent per decade; greater than two-thirds of the Arctic is currently covered 

by thinner seasonal ice (Kwok and Sulsky 2010).  From 1979 to 2005, the extent of Arctic 

Ocean sea ice decreased 9.2 percent per decade; the lowest extent was recorded in 2007 

(USFWS 2011c).  From 2005 to 2009, multi-year ice decreased by a net 40 percent in volume 

while first-year ice gained volume due to the overall increased area covered (Kwok and 

Sulsky 2010).  A study of the Southern Beaufort Sea observed an increase in the mean annual 

area of open water from 14 percent in 1972 to 39 percent in 2007 (Wendler et al. 2010).  The 

floating ice pack is a critical component of the Arctic Ocean habitats and biological ecosystems.  

Changes in the extent and concentration of sea ice can directly affect the biological support 

capabilities of these systems (Lindsay and Zhan 2005).   

3.3.4.2 Arctic Coastal Plain Ecoregion 

Prominent marine features within the Arctic Coastal Plain Ecoregion include shoals, mudflats, 

spits, shallow lagoons with low-lying barrier islands, bays, and river deltas (USDOI 1978; 

USFWS 2011c).  The coastline is low-lying and irregularly shaped and is dominated by low but 

steep coastal bluffs that typically range from 1.2 to 1.5 meters (4 to 5 feet) high, but in some 

instances may be as high as 7.6 meters (25 feet); in some cases, these bluffs are under active 

retreat (Trawicki et al. 1991; USDOI 1978).   

Recent increases in prevailing temperatures and storm frequency and reduced amounts of 

summer sea ice have created conditions amenable to increased coastal erosion (USFWS 2011c).  

In some areas, the coastal bluffs are retreating as a result of thermal- and wave-induced erosion 

of permafrost soils (USDOI 1978).  Based on localized conditions, erosion rates vary from 

approximately 12 to 3 meters per year (38 to 10 feet per year) (USFWS 2011c).  Wang and 

Overland (2009) predicted drastic reductions in Arctic winter and summer ice over the next 

30 years. 
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Water courses in the PFRR portion of the Arctic Coastal Plain Ecoregion tend to be low-

gradient, braided, distributary systems that are classified as mountain, spring, and tundra streams 

(Gallant et al. 1995; Greenwald et al. 2008; Schickhoff et al. 2002).  Mountain streams 

normally have coarse gravel bottoms and transport discharge from springs and surface runoff.  

Spring streams are fed by mountain springs and are characterized by relatively stable 

temperatures and discharge volumes that allow channels to remain unfrozen through winter 

(Parker 2004).  Mountain and spring-fed streams have headwaters in Brooks Range.  Tundra 

streams primarily drain the Arctic Coastal Plain Ecoregion and Arctic Foothills Ecoregion and 

are classified as alluvial, riffle-pool sequence streams or peat-bottom streams with beaded 

channel morphology (Greenwald et al. 2008; Parker 2004).  Groundwater seepage through 

taliks is a major contributor to streamflows (Greenwald et al. 2008).  Major Arctic Coastal Plain 

Ecoregion rivers intersecting PFRR include the Hulahula, Jago, Okerokovik, and Okpilak Rivers 

(Childers et al. 1977). 

The gentle slopes, poor drainage, perched water tables, and treeless landscape of the Arctic 

Coastal Plain Ecoregion often create wind-oriented thaw lakes and ponds particularly in river 

deltas.  The melting of ground ice creates subsidence depressions that collect runoff.  These 

relatively shallow (typically less than 1 meter [3 feet]); flat-bottom features most often have 

muck bottoms and freeze during winter.  These generally impermanent surface features tend to 

follow dynamic annual cycles of development, expansion, drainage, and revegetation 

(ADNR 2006; Gallant et al. 1995).  The development of taliks beneath the lakes may contribute 

to their drainage in winter (Riordan 2005).  Most lakes within the Arctic Coastal Plain 

Ecoregion within the ROI are located within the Hulahula and Jago River deltas 

(USFWS 2011c).  In continuous permafrost areas, sources of groundwater are primarily 

concentrated within the unfrozen alluvium of thaw lakes and river deltas; however, the water is 

normally brackish or saline in bedrock beneath the permafrost (Williams 1970).   

3.3.4.3 Arctic Foothills Ecoregion 

The Arctic Foothills Ecoregion is dissected by numerous beaded and meandering streams and 

partly braided rivers (Schickhoff et al. 2002).  Most streams originate in the mountains of the 

Brooks Range Ecoregion, derive their flow primarily from runoff, are underlain with permafrost, 

freeze during winter, and flow approximately 5 months of the year north toward the Beaufort Sea 

within channels confined to bedrock catchments (Gallant et al. 1995; Parker 2004).  Most 

streambeds are lined with extremely course materials that include gravel, cobbles, and boulders 

(Childers et al. 1977).  Minor river flows caused by springs during winter create accumulations 

of icings or aufeis (overflow river ice) (ADNR 2006).  Even during the coldest winters, some 

groundwater continues to flow (Hall  1979).  Flooding and channel migration are common during 

spring melt, ice jams, and ice breakup (Gallant et al. 1995).  Major Arctic Foothills Ecoregion 

rivers within the ROI include the Aichilik, Ekaluakat, Egakstak, and Kongakut Rivers 

(Childers et al.  1977).  Lakes occur infrequently within the region and exist primarily as muck 

bottom, oxbow lakes within major river valleys (Gallant et al. 1995). 

3.3.4.4 Brooks Range Ecoregion 

The Brooks Range Ecoregion, as the northernmost mountain group in Alaska, forms the drainage 

divide between the Arctic Slope to the north and the Kobuk and Yukon Rivers to the south.  
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Stream systems typically exhibit a trellis drainage pattern, with major rivers draining north and 

south and feeder tributaries draining east and west (Gallant et al. 1995).  Although infrequent, 

heavy summer rains in the mountains can trigger river peak flows and flooding (ADNR 2006).  

Major Brooks Range Ecoregion rivers intersecting PFRR include the Canning, East Fork, Junjik, 

Kavik, Middle Fork, North Fork, Sheenjek, and Wind Rivers (Childers et al. 1977).  Although 

heavily glaciated, mountains lakes such as the Neruokpuk Lakes in the Hulahula River Basin and 

Lake Schrader occur infrequently but are prominent features (USFWS 2011c).  Most lakes occur 

in the rock basins of glaciated valleys, moraine areas, and river valley floodplains 

(Gallant et al. 1995).  The source of groundwater of the Brooks Range Ecoregion within the 

ROI is perennial springs associated with limestone faults (Williams 1970). 

3.3.4.5 Interior Forested Lowlands and Uplands Ecoregion 

Major Interior Forested Lowlands and Uplands Ecoregion rivers intersecting PFRR include the 

Black, Chandalar, Christian, East Fork, Koness, Middle Fork, North Fork, Porcupine, Sheenjek, 

and Wind Rivers (Childers et al. 1977; Daum and Troyer 1992).  Thaw and oxbow lakes occur 

in the region but are not prominent features (Gallant et al. 1995).  In discontinuous permafrost 

areas, groundwater may occur in shallow talik-layer aquifers above the permafrost 

(Williams 1970).   

3.3.4.6 Interior Highlands Ecoregion 

Water courses in the Interior Highlands Ecoregion tend to exhibit peak flows following the 

spring snowmelt, but moderate flows during the summer (USFWS 2011c).  Major Interior 

Highlands Ecoregion rivers within the ROI include the Chandalar, Christian, East Fork, Koness, 

Middle Fork, North Fork, Sheenjek, and Wind Rivers (Childers et al. 1977; Daum and 

Troyer  1992).  The approximately 2,100 hectares (5,200 acres) of the PFRR launch site are 

located in the Interior Highlands Ecoregion directly south of the Chatanika River in Chatanika, 

Alaska (see Figure 3ï2).  Facility flooding occurs infrequently and is minor in extent.  The short-

term flooding that does occur is normally associated with spring breakup when the ground is still 

frozen.  The affected area is approximately 0.2 hectares (0.5 acres) in size and includes an area 

near the old Poker Inn and the field next to the C-Band Radar; floodwaters persist for about a 

week.   

3.3.4.7 Yukon Flats Ecoregion 

The Yukon Flats Ecoregion is a relatively flat, marshy river basin characterized by numerous 

lakes, shallow ponds, sloughs, drainage basins, river meander scars, islands, river outwash fans, 

and braided stream floodplains surrounded by gently to strongly rolling terrain.  The drainage 

patterns of the Yukon Flats Ecoregion generally follow a cyclic annual pattern of freeze-up; 

reduced winter base flow conditions; ice breakup spawning spring ice jams, scouring, and 

flooding of rivers and tributaries; and summer flows governed by precipitation, drought, and 

groundwater seepage.  River and lake ice play a significant role in the hydrologic character of the 

region (Woodward and Beever 2011).  In addition to the Yukon River, there are approximately 

11,000 kilometers (6,800 miles) of tributary streams and over 20,000 lakes and ponds within the 

Yukon Flats Ecoregion (Woodward and Beever 2011).  The area is drained by the Yukon 

River, which exhibits both meandering and braided streamflow patterns.  A diversity of 
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meandering stream tributaries flowing through the flats drains the surrounding uplands and 

mountainous regions.  Major Yukon Flats Ecoregion streams and rivers within the ROI include 

Beaver and Birch Creeks and the Chandalar, Hodzana, Porcupine, and Yukon Rivers 

(Brabets et al. 2000). 

Lakes are an abundant and important component of the Yukon Flats Ecoregion ecosystems.  

Lakes were created primarily by the meandering of the Yukon River and its tributaries (oxbow 

lakes), accumulation of water within basins, beaver activity, and thermokarst development.  

Lakes have both closed and open drainage outlets and are frequently in contact with groundwater 

(Heglund and Jones 2003).  The Yukon Flats Ecoregion has an estimated lake area of 

1,100 square kilometers (420 square miles) and lake density of 1 lake per 2 square kilometers 

(0.8 square miles) (Arp and Jones 2009).  A study by Heglund and Jones (2003) of 

129 shallow riverine Yukon Flats Ecoregion lakes found that most were nearly circular in 

configuration and had depths that generally ranged from less than 0.5 meters (1.6 feet) to 

6 meters (20 feet), with most lakes averaging less than 2 meters (7 feet).   

3.4 GEOLOGY AND SOILS  

Physical geography is defined by surface terrain patterns, forms, features, and hypsology 

(i.e., study of the relative altitude of places).  Geologic resources are consolidated or 

unconsolidated earth materials, including ore and aggregate materials, fossil fuels, and 

significant landforms.  Soils are natural bodies of solids (minerals and organic matter), gases, 

and liquids occupying the Earthôs surface that have distinguishable layers and/or the ability to 

support rooted plants (USDA 2010).  The ROI for geology and soils is defined as the area within 

the PFRR launch site and launch corridor.  Section 3.4.5 provides a description of the geology 

and soils within the ROI based on the ecoregions discussed in Section 3.2. 

3.4.1 Permafrost 

Permafrost is Arctic or subarctic region earth material (soil, rock, ice, and organic matter) that 

experiences continuous temperatures at or below 0 °C (32 °F) for 2 or more years; it is 

perennially frozen,  rather than permanently frozen ground (French 2007; USDA 2004).  

Permafrost typically exists in multiple layers that vary in thickness from a few centimeters to 

several hundred meters (Williams 1970).  Permafrost terrain contains three distinct layers 

(see Figure 3ï3): (1) the active layer is the uppermost layer of soil from the surface to the top of 

the frozen ground, which experiences seasonal freezing and thawing; (2) the perennially frozen 

permafrost layer that extends from the base of the active layer to the soil layer where 

temperatures exceed 0 °C (32 °F); and (3) the talik layer of unfrozen soil typically between the 

active layer and permafrost layer (Osterkamp and Jorgenson 2009).  Most of the hydrological, 

biological, and biochemical activity occurs in the active layer, which may range from several 

meters to a few centimeters deep.  Based primarily on the extent of soil ice content, the 

permafrost layer may be completely impervious or semi-permeable (Hinkel and Nelson 2003; 

Riordan 2005).  Permafrost may contain water with elevated salinity or oil seep hydrocarbons, 

which prevents hard freezing (Clough et al. 1987).  Taliks tend to form beneath water bodies 

that do not freeze in winter (Riordan 2005).  In Alaska, freezing soil temperatures have been 

observed to depths greater than 305 meters (1,000 feet) (Clough et al. 1987; Ray 1950).  
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Approximately 75 to 80 percent of Alaska is underlain with permafrost (Osterkamp and 

Jorgenson 2009).   

The landscape extent and distribution of permafrost is defined as continuous, discontinuous, and 

sporadic.  Continuous permafrost designates areas where permafrost occurs uninterrupted and is 

normally colder than ï6 °C (21 °F) (Osterkamp and Jorgenson 2009; Ray 1950).  Shallow 

lakes and rivers within these areas freeze to the bottom and are underlain with permafrost 

(Hall  1979; USFWS 2011c).  Discontinuous permafrost regions have scattered areas free of 

permafrost (Osterkamp and Jorgenson 2009; Ray 1950; USFWS 2010).  Temperatures range 

from a fraction of a degree below freezing to ï2 °C (28 °F) (Ping et al. 2004).  Sporadic 

permafrost regions exhibit isolated areas of permafrost within thawed ground (Osterkamp and 

Jorgenson 2009).  Continuous permafrost dominates Arctic regions, while discontinuous and 

sporadic permafrost is primarily found in subarctic regions (Riordan 2005).  No sporadic 

permafrost was identified within PFRR.  Permafrost within PFRR is summarized in Table 3ï10 

and shown in Figure 3ï3. 

Table 3ï10.  Poker Flat Research Range Permafrosta 

Ecoregion (ID Number) 

Continuous Permafrost 

(hectares/percentage)a 

Discontinuous 

Permafrost  

(hectares/percentage) 

Total 

(hectares) 

Arctic Coastal Plain (101) 160,000/100 0/0 160,000 

Arctic Foothills (102) 460,000/100 0/0 460,000 

Brooks Range (103) 4,100,000/100 0/0 4,100,000 

Interior Forested Lowlands and 

Uplands (104) 
480,000/32 990,000/68 1,500,000 

Interior Highlands (105) 1,200,000/51 1,100,000/49 2,300,000 

Yukon Flats (107) 500,000/21 1,900,000/79 2,400,000 

Grand Total 11,000,000 

a.
 

Metrics denote the approximate area of permafrost in the Poker Flat Research Range portion of each ecoregion.  

Note: To convert hectares to acres, multiply by 2.4710.  

Source: Brown et al. 2001. 

A major effect of permafrost soils is the presence of the frozen permafrost layer that causes water 

to saturate the active layer and perch on the surface of lowlands, creating wetlands.  In some 

cases, frozen soil layers may contain large amounts of ground ice (USDA 2004).  In 

unconsolidated soils with poor drainage, ice masses range from small granules to ice wedges that 

can account for 50 to 80 percent of the permafrost (French 2007; Ray 1950).  Although the 

permafrost layer may impede or restrict water movement, it is not uncommon for the talik layer 

to contain unfrozen layers that facilitate groundwater movement through the soil, which often 

results in the formation of perennial springs (French 2007).   

Typically, permafrost thawing proceeds from the top downward and, eventually, from the bottom 

upward.  Thawing discontinuous permafrost generally ranges from decades to millennia 

(Bockheim and Hinkel 2007; Osterkamp and Jorgenson 2009).  Cryoturbation (mixing of 

materials from various soil horizons due to freezing and thawing) is common to permafrost-

affected soils and causes soil horizons to be broken and contorted (USDA 2004).   
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Note: To convert kilometers to miles, multiply by 0.6214. 

Source: SAIC 2011. 

Figure 3ï3.  Poker Flat Research Range Permafrost 
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